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ABSTRACT 

Trans luna r  S M  RCS a b o r t s  t o  nominal  e a r t h  e n t r y  
are p o s s i b l e  w i t h  t h e  docked s p a c e c r a f t  u n t i l  approximate ly  
6 0  hours  a f t e r  TLI f o r  t h e  nominal Apol lo  1 5  m i s s i o n ,  launched 
on J u l y  2 6 ,  1971. 

Return t o  e a r t h  from l u n a r  o r b i t  i s  p o s s i b l e  u s i n g  
t h e  LM d e s c e n t  p r o p u l s i o n  any t i m e  p r i o r  t o  powered descen t .  

The maximum r e t u r n - t o - e a r t h  t i m e  f r o m  a p o i n t  on 
t h e  t r a n s l u n a r  t r a j e c t o r y ,  assuming a LM d e s c e n t  p r o p u l s i o n  
a b o r t  maneuver, i s  approximately 110  hours .  This  o c c u r s  f o r  
an a b o r t  a t  2 4  hours  p o s t  TLI.  I f  a AV of 8000 f p s  i s  em-  
p loyed f o r  a b o r t s  u s i n g  t h e  DPS+SPS, t h e  maximum r e t u r n  t i m e  
is  only  4 4  hours  f o r  an a b o r t  a t  63.5 hour s  p o s t  TLI .  

Abort AV's are g e n e r a l l y  lower fo r  t h e  Apollo 15 
mis s ion  than  f o r  Apollo 14. 
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MEMORANDUM FOR FILE 

Two t y p e s  o f  t r a n s l u n a r  abort  t ra jector ies  are con- 
sidered f o r  t h e  Hadley mission t o  be  launched on J u l y  2 6 ,  1971 
w i t h  an 80' azimuth: minimum-AV and minimum-return-time. Mini- 
mum-AV abort  t ra jector ies  are des igned  from any p o i n t  on t h e  
nominal t r a j e c t o r y  such t h a t  a minimum e x p e n d i t u r e  of  p rope l -  
l a n t s  p l a c e s  t h e  s p a c e c r a f t  on an  e a r t h  r e t u r n  t r a j e c t o r y  which 
s a t i s f i e s  t h e  r e e n t r y  requi rements .  Minimum-return-time abort 
t r a j e c t o r i e s  are computed such t h a t  t h e  t i m e  f r o m  t h e  abort  
p o i n t  t o  r e e n t r y  i s  minimized f o r  some maximum AV avai lable .  
I n  a d d i t i o n ,  t h e  r e tu rn - to -ea r th  AV costs f r o m  l u n a r  o r b i t  have 
been determined . 
I. Trans luna r  Aborts  

While p rev ious  Apollo l u n a r  mis s ions  w e r e  nominal ly  
on free r e t u r n  trajectories f o r  a l l  o r  p a r t  of t h e  t r a n s l u n a r  
coast, t h e  Apollo 15  t r a n s l u n a r  t r a j e c t o r y  w i l l  n o t  r e t u r n  t o  
e a r t h  w i t h o u t  a p r o p u l s i v e  maneuver. However, t h e  t r a j e c t o r y  
h a s  been des igned  w i t h  t w o  c o n s t r a i n t s :  1) RCS aborts  are p o s s i -  
b l e  u n t i l  a t  l e a s t  f i v e  hours a f t e r  T L I ;  2 )  an a b o r t  maneuver a t  
p e r i c y n t h i a n  p l u s  two hours  i s  w i t h i n  t h e  c a p a b i l i t y  of  t h e  LM de- 
s c e n t  p ropu l s ion  system (DPS) t o  p l a c e  t h e  s p a c e c r a f t  on a s a f e  
e a r t h  r e t u r n  t r a j e c t o r y .  Thus, t h e  q u e s t i o n  of cont ingency  
e a r t h  r e t u r n s  i s  o f  p a r t i c u l a r  i n t e r e s t  th roughout  t h e  Apollo 15 
t r a n s l u n a r  t r a j e c t o r y .  

A. Minimum-AV Aborts  

Three t y p e s  o f  minimum-AV a b o r t s  t o  ach ieve  a safe $A w r e t u r n  are cons idered:  

1. Maneuver t o  p lace  t h e  s p a c e c r a f t  on a trajec- 
t o r y  which r e t u r n s  t o  an uncons t r a ined  e a r t h  
l a n d i n g  p o i n t .  

2 .  Maneuver t o  p l ace  t h e  s p a c e c r a f t  on a trajec- 
t o r y  which r e t u r n s  t o  an uncons t r a ined  e a r t h  
l a n d i n g  p o i n t  p l u s  a second maneuver a t  t w o  
hours  a f t e r  p e r i c y n t h i a n  t o  a s s u r e  l a n d i n g  
i n  t h e  midpacif ic  recovery  area (15OoW-17O0W). . .t 
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3 .  Mainta in  t h e  nominal t r a j e c t o r y  through 
p e r i c y n t h i a n  and t h e n  make a maneuver t o  
p l a c e  t h e  s p a c e c r a f t  on a t r a j e c t o r y  t h a t  
l ands  i n  t h e  m i d p a c i f i c  recovery  area. 

The f i r s t  case above represents t h e  minimum a b o r t  AV possible  
s i n c e  c o n s t r a i n i n g  t h e  k e t u r n  t r a j e c t o r y  t o  l a n d i n g  i n  a 
s p e c i f i e d  area w i l l  u s u a l l y  r e s u l t  i n  a d d i t i o n a l  AV cost. 

F igu re  1 i l l u s t r a t e s  t h e  AV costs f o r  t h e s e  t h r e e  
strategies f o r  minimum-AV a b o r t s .  

The c o s t  of t h e  a b o r t  maneuver i n c r e a s e s  as t h e  e l a p s e d  
t i m e  from t r a n s l u n a r  i n j e c t i o n  ( T L I )  i n c r e a s e s .  The s p l a s h -  
down p o i n t s  of  t h e  unrestricted-landing-area t ra jector ies  v a r y  
from 78OW t o  7 0 ° E .  I n  t h e  r e g i o n  of  3 . 5  t o  5 hours  a f te r  TLI 
a minimun AV a b o r t  would p l a c e  t h e  l a n d i n g  p o i n t  on A f r i c a .  I n  
t h e  r e g i o n  from M S I  e n t r a n c e  t o  p e r i c y n t h i a n  ( 6 3  t o  7 5  hours  
a f t e r  TLI )  any minimum-AV a b o r t  would p l a c e  t h e  l a n d i n g  p o i n t  
on South America. However, t h e  l a n d i n g  p o i n t  could  be  s h i f t e d  
t o  produce a w a t e r  l and ing  by subsequent  t r a j e c t o r y  c o r r e c t i o n s ,  
by expending more AV t h a n  r e q u i r e d  by t h e  minimum maneuver, o r  
s imply  by d e l a y i n g  t h e  maneuver. 

Minimum-AV aborts from t h e  Apollo 15 t r a n s l u n a r  tra- 
j e c t o r y  are w i t h i n  t h e  S M  RCS c a p a b i l i t y  of  7 5  f p s  f o r  about  
6 0  hours  a f t e r  TLI .  The RCS AV c a p a b i l i t y  i n c l u d e s  an a l l o w -  

The 75 f p s  c a p a b i l i t y  r e p r e s e n t s  abou t  75 p e r c e n t  of t h e  t o t a l  
RCS u s a b l e  p r o p e l l a n t .  T h e  DPS AV a v a i l a b l e  on t h e  t r a n s l u n a r  
l eg  i s  ~ 2 0 0 0  f p s .  Re ta in ing  a 1 0 0  f p s  midcourse a l lowance ,  t h i s  
AV p rov ides  r e t u r n - t o - e a r t h  c a p a b i l i t y  beyond 90  hours  ( M S I  e x i t )  
a f t e r  T L I  fo r  t h e  docked CSM+LM c o n f i g u r a t i o n  f o r  b o t h  m i d -  
p a c i f i c  and u n r e s t r i c t e d  l a n d i n g  p o i n t s .  

ance  f o r  pos t - abor t  cour se  c o r r e c t i o n s  and a t t i t u d e  c o n t r o l .  (1) 

B. Minimum-Time Aborts 

I n  t h e  e v e n t  o f  an emergency which r e q u i r e s  t h e  
fastest  s a f e  r e t u r n  t o  e a r t h ,  t h e r e  are several abort  modes 
ava i lab le .  A l l  are dependent on t h e  available p r o p u l s i o n  
systems and t h e  t i m e  when t h e  minimum-time r e t u r n  i s  i n i t i a t e d .  
Two s t r a t e g i e s  f o r  f a s t  e a r t h  r e t u r n s  f o r  v a r i o u s  AV capa- 
b i l i t i e s  are cons idered:  

1. A d i r e c t  r e t u r n  t o  e a r t h  w i t h o u t  go ing  
around t h e  moon. 

2.  A n  immediate minimum AV maneuver t o  p u t  t h e  
s p a c e c r a f t  on a c i rcumlunar  r e t u r n  t r a j e c t o r y  
and a second maneuver executed t w o  hour s  
a f t e r  p e r i c y n t h i a n  t o  speed up t h e  v e h i c l e .  
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Splashdown p o i n t  i s  u n r e s t r i c t e d  i n  bo th  cases. 

The maximum AV c a p a b i l i t i e s  o f  t h e  v a r i o u s  propul -  
s i o n  systems t h a t  might be  a v a i l a b l e  f o r  an a b o r t  are sum- 
marized i n  Table  I. These AV c a p a b i l i t i e s  i n c l u d e  i n  u s u a b l e  
p r o p e l l a n t  t h e  3a d i s p e r s i o n  p r o p e l l a n t  c u r r e n t l y  a l l o t t e d  f o r  
t h e  DPS, APS and SPS. Abort  a l lowances  are a l s o  i n c l u d e d  i n  
u s a b l e  p r o p e l l a n t  o f  t h e  DPS and APS. The cases p l o t t e d  i n  
F i g u r e  2 ,  2000  f p s  ( D P S ) ,  5000 f p s  (SPS) and 8000 f p s  (DPS+SPS) 
roughly  cor respond t o  cases 1, 2 and 3 ,  r e s p e c t i v e l y  i n  
T a b l e  1. 

Examination o f  F igu re  2 shows t h a t  t h e  minimum r e t u r n  
t i m e  f o r  d i r e c t  a b o r t s  i n c r e a s e s  as a f u n c t i o n  of t i m e  e l a p s e d  
from T L I  w h i l e  r e t u r n  t i m e  d e c r e a s e s  fo r  c i rcumlunar  a b o r t s .  
Thus t h e r e  i s  a p o i n t  a t  which t h e  r e t u r n  t i m e  i s  t h e  same f o r  
t h e  c i rcumlunar  and t h e  d i r e c t  a b o r t .  This  p o i n t  i s  d e s i g n a t e d  
i n  what fo l lows  as t h e  c r i t i c a l  p o i n t .  

The c r i t i c a l  p o i n t  f o r  t h e  DPS a b o r t  case o c c u r s  a t  
2 4  hour s  a f t e r  TLI  w i t h  a cor responding  r e t u r n - t o - e a r t h  t i m e  
o f  1 1 0  hours .  For t h e  SPS case  t h e  c r i t i c a l  p o i n t  o c c u r s  a t  
52 hour s  a f t e r  TLI w i t h  a r e t u r n - t o - e a r t h  t i m e  o f  6 4  hour s .  
The DPS+SPS case y i e l d s  a c r i t i ca l  p o i n t  j u s t  i n s i d e  t h e  l u n a r  
s p h e r e  o f  i n f l u e n c e  a t  6 4  hours  a f t e r  TLI  and p rov ides  a maxi- 
mum r e t u r n  t i m e  of  44 hours .  All r e t u r n  t r a j e c t o r i e s  cons ide red  
have a r e e n t r y  v e l o c i t y  less t h a n  t h e  37,500 f p s  maximum estab- 
l i s h e d  i n  t h e  RTCC. 

Data i n  F igu re  2 also i n d i c a t e  t h e  v a r i o u s  t i m e s  
when a d i r e c t  a b o r t  would land a t  t h e  Midpac i f i c  l i n e  (165OW) 
and t h e  A t l a n t i c  Ocean l i n e  (25OW). S i n c e  e a r t h  l a n d i n g  p o i n t s  
f o r  t h e  minimum t i m e  r e t u r n s  sweep across t h e  major landmasses 
of A u s t r a l i a ,  A f r i c a  and South America, i n  some cases, t o  avoid 
l a n d  l a n d i n g s ,  a s l i g h t l y  longer  than  minimum r e t u r n  t i m e  must 
be employed o r  t h e  a b o r t  must be de layed .  

11. Lunar O r b i t  Aborts 

The AV c o s t s  of a b o r t s  t o  e a r t h  e n t r y  from l u n a r  o r b i t  
are somewhat more expens ive  t h a n  a b o r t s  from t h e  t r a n s l u n a r  
coast. The energy expended d u r i n g  LO1 must be expended a g a i n  
t o  d e p a r t  from t h e  v i c i n i t y  of  t h e  moon. 

F igu re  3 i l l u s t r a t e s  t h e  r e t u r n - t o - e a r t h  AV c o s t  (or  
T E I  cost)  as a f u n c t i o n  o f  t i m e  i n  l u n a r  o r b i t .  The s p a c e c r a f t  
does  LO1 i n t o  a 60x170 nm o r b i t  and remains i n  t h a t  o r b i t  f o r  
t w o  r e v o l u t i o n s .  DO1 p l aces  t h e  s p a c e c r a f t  i n t o  a 60x8 nm 
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o r b i t  where it s t a y s  u n t i l  a f t e r  s e p a r a t i o n .  Between LO1 and 
D O 1  t h e  T E I  cost  i s  lowes t .  A f t e r  t h e  DO1 maneuver t h e  AV 
c o s t  t o  g e t  o u t  of o r b i t  i n c r e a s e s  roughly by an amount e q u a l  
t o  t h e  DO1 maneuver or 200 f p s .  A t  t h e  same t i m e ,  because  o f  
t h e  r e d u c t i o n  i n  t o t a l  s p a c e c r a f t  weight  by t h e  p r o p e l l a n t  
expended f o r  D O I ,  t h e  DPS c a p a b i l i t y  i n c r e a s e s  by 1 0 0  f p s .  
Return t o  e a r t h  from l u n a r  o r b i t  i s  p o s s i b l e  u s i n g  t h e  DPS any 
t i m e  p r i o r  t o  powered descen t .  Corresponding t o  each r evo lu -  
t i o n  i n  l u n a r  o r b i t ,  t h e r e  a r e  u s u a l l y  two d i f f e r e n t  T E I  AV 
costs depending on t h e  t r a n s e a r t h  f l i g h t  t i m e .  For t h i s  m i s -  
s i o n  t h e  f a s t e r  t r a n s e a r t h  c o a s t s  c o s t  more AV. The AV capa- 
b i l i t i e s  f o r  t h e  v a r i o u s  p ropu l s ion  systems a f t e r  L O 1  and a f t e r  
D O 1  are g iven  i n  Table  I.  

Summary 

The minimum-AV a b o r t  c a p a b i l i t y  and t h e  minimum-return- 
t i m e  c a p a b i l i t y  r e p r e s e n t  t h e  extremes of r e t u r n - t o - e a r t h  t i m e s  
a v a i l a b l e  d u r i n g  t h e  mission.  I n  t h e  e v e n t  of  a cont ingency  
d u r i n g  a m i s s i o n  a cont inuous r ange  of r e t u r n - t o - e a r t h  t i m e s  
between t h e s e  boundar i e s  would b e  a v a i l a b l e .  The s p e c i f i c  cho ice  
would have t o  depend on r ea l - t ime  f a c t o r s  such a s  t h e  c h o i c e  of 
l a n d i n g  a r e a ,  c o n d i t i o n  of t h e  s p a c e c r a f t  systems and t h e  condi-  
t i o n  of t h e  c r e w .  

T rans luna r  S M  RCS a b o r t s  a r e  p o s s i b l e  w i t h  t h e  docked 
s p a c e c r a f t  u n t i l  approximately 6 0  hours  a f t e r  TLI .  Return t o  
e a r t h  from l u n a r  o r b i t  i s  p o s s i b l e  u s i n g  t h e  DPS any t i m e  p r i o r  
t o  powered descen t .  The maximum r e t u r n - t o - e a r t h  t i m e  from a 
p o i n t  on t h e  t r a n s l u n a r  t r a j e c t o r y  u s i n g  t h e  DPS i s  approximate ly  
1 1 0  hours .  This  occurs  for  an a b o r t  a t  2 4  hours  p o s t  TLI .  I f  
a AV of 8000 f p s  i s  employed f o r  a b o r t s  u s i n g  t h e  DPS+SPS, t h e  
maximum r e t u r n  t i m e  i s  only 4 4  hour s .  

2 0 1 3 -MKB- s l r  
cc i( 5 3 a I c c . r  
M. K .  Baker 

Attachments 
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TABLE I 

MAXIMUM AV AVAILABLE FOR HADLEY MISSION 
LAUNCH J U L Y  26, 1971* 

Source of 
P ropu l s ion  

DPS 

SPS 

DPS+SPS 

DPS+SPS 

SPS 

SPS+DPS 

DPS 

DPS+APS 

SM/RCS 

SM/RCS 

P o s t  Abort  
Conf igu ra t ion  

CSM+LM 

CSM+LM 

CSM+LM 

CSM 

CSM 

CM+LM 

CM+LM 

CSM+A/S 

CSM+LM 

CSM 

Pos t  TLI 

2030 

5000 

8660 

11330 

9300 

9920 

4910 

2710 

75 

130 

AV 

P o s t  LO1 

2860 

2040 

4700 

7180 

4320 

6950 

4910 

3920 

~~ 

P o s t  D O 1  

2960 

1850 

5560 

6960 

4000 

6760 

4910 

4070 

* S p a c e c r a f t  weights  and p r o p e l l a n t  a v a i l a b l e  w e r e  t a k e n  
from t h e  January 1 5 ,  1971 MSC Apollo S p a c e c r a f t  Weight 
S t a t u s  Summary. 
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D i s t r i b u t i o n  L i s t  

NASA H e a d a u a r t e r s  

J. K.  Holcomb/MAO 
E .  W. Land/MAO 
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